Presentation of a protein antigen to T cells is believed to follow its intracellular breakdown by the antigenpresenting cell, with the fragments constituting the trigger of immune recognition. It should then be expected that T-cell recognition of protein antigens in vitro will be independent of protein conformation. Three T-cell lines were made by passage in vitro with native lysozyme of T cells from two mouse strains (BIO.BR and DBA/ 1) that had been primed with the same protein. These cell lines responded well to native lysozyme and very poorly to unfolded (S-sulphopropyl) lysozyme. The response of the T-cell lines to the antigen was major histocompatibility complex (MHC)-restricted. A line from B1O.BR was selected for further studies. This line responded to the three surface-simulation synthetic sites of lysozyme (representing the discontinuous antigenic, i.e. antibody binding, sites) and analogues that were extended to a uniform size by a nonsense sequence. T-cell clones prepared from this line were specific to native lysozyme and did not respond to the unfolded derivative. Furthermore, several of these clones showed specificity to a given surface-simulation synthetic site. The exquisite dependency of the recognition by the clones on the conformation of the protein antigen and their ability to recognize the surface-simulation synthetic sites indicate that the native (unprocessed) protein was the trigger of MHC-restricted T-cell recognition.
INTRODUCTION
The presentation of a protein antigen to T cells is believed to be dependent on a first step in which the protein is internalized and digested down to fragments which reappear on the surface of the antigen-presenting cell (APC) and constitute the signal of immune recognition (Chestnut & Grey, 1985; Bjorkman et al., 1987b; Unanue & Allen, 1987; Allen & Unanue, 1988; Fox et al., 1988) . It was proposed (Atassi, 1980 ) from evidence of protein molecular recognition by B and T cells that antigen presentation of a protein proceeds at the wholemolecule level. Even though evidence that supports this idea has been reported (see Discussion), presentation after processing remains by far the favoured hypothesis. Many consequences of this model can be predicted and tested. One important consequence is that if protein fragments, and not the intact protein, were the presented species which constitute the target of T-cell recognition, then the latter would be expected to be indifferent to protein conformation. This was tested here with the T-cell recognition of hen lysozyme.
Lysozyme and its S-alkylated derivatives have been shown to cross-react when lymph node cells are obtained from mice that had been primed with either molecule (Thompson et al., 1972; Sugimoto et al., 1975; . Previously, workers in this laboratory, by employing a comprehensive synthetic strategy (Kazim & Atassi, 1980) , determined the full profile of the continuous regions recognized by lysozyme-primed T cells . On the other hand, the regions recognized by antibodies were found to comprise spatially-adjacent surface residues that are mostly distant in sequence (Atassi, 1978) . These discontinuous sites were mimicked by 'surface-simulation' synthesis Atassi, 1978) , in which the binding site residues are linked directly via peptide bonds with appropriate spacing and directionality into a single peptide which does not exist in the protein but mimics a surface region of it. It was fascinating, yet unexpected by present postulates, to find that these surface-simulation synthetic peptides were able to stimulate specific proliferative responses in lysozyme-specific B10.BR (H-2k) T-cell lines .
The demonstration ) that lysozyme-specific long-term T-cell cultures responded to the discontinuous (surface-simulation) sites indicated that it should be possible to isolate from these lines T-cell clones which should serve as precise reagents that will exhibit total dependency on the presentation of the intact molecule. We have isolated here several T-cell clones obtained by immunization of a mouse strain with native lysozyme and have found that they recognized only the native protein and were essentially unresponsive to its unfolded derivative.
MATERIALS AND METHODS
To prepare lysozyme-specific T-cell lines, B 10.BR (H-2k) and DBA/I (H-2q) 8-10-week-old with native lysozyme (100 ,tg/ml), in the presence of X-irradiated normal spleen cells but without exogenous growth factors, as described . Limiting dilution of the lymphocyte long-term culture (Yoshioka et al., 1983) , followed by a second limiting dilution gave lysozyme-specific T-cell clones. The specificity of the T-cell lines and clones was established by screening their proliferative response against intact lysozyme and against a lysozyme derivative in which the disulphide bonds were reduced and the resulting -SH groups were sulphopropylated (SSP-lysozyme) . Among the useful properties of SSPlysozyme is its higher solubility as compared to the S-carboxymethylated analogue . The surface-simulation synthetic peptides ( Fig. 1 ) have been described (Atassi, 1978) . Analogues of these peptides that were extended to a uniform size of 14 residues ( Fig. 1) were synthesized, purified and characterized by similar procedures.
RESULTS AND DISCUSSION
Two B10.BR T-cell lines and one DBA/1 line were prepared by passage in vitro with native lysozyme of native-lysozyme-primed T cells. These lines responded very well to native lysozyme but showed very low responses to SSP-lysozyme (2-9 00 relative to lysozyme, Table 1) indicating that the clones within these three lines are overwhelmingly directed against the native protein.
To determine whether antigen presentation to these Tcell lines was MHC-restricted, APCs of different mouse haplotypes were employed to present lysozyme to these T-cell lines ( (Table 1) , and was therefore selected for further studies. This line also responded very well to the three surface-simulation synthetic sites (Table 3) that are the target of antibody recognition (Atassi, 1978) . It was recently shown that the recognition of peptides in vitro by T-cell lines (Bixler et al., 1986) and clones (Atassi et al., 1987) exhibits a nonspecific peptide size requirement beyond the essential residues of the site. Since the sizes of the surfacesimulation peptides were below the optimum size required for maximum T-cell simulation in vitro, the peptides were extended at their N-terminals by the nonsense sequence (Fig. 1) . Indeed, these extended surface-simulation sites evoked a higher proliferation response in the T cells than the respective surface-simulation sites. The line mounted a very low response (less than 30) to SSP-lysozyme and did not respond to any of the linear consecutive overlapping peptides encompassing the entire protein chain (results not shown).
From the above T-cell line, 26 clones were obtained by limiting dilution which were entirely specific to native lysozyme and did not recognize SSP-lysozyme. No clones were obtained that were reactive with both lysozyme and SSP-lysozyme. This frequency is fully expected from the behaviour of the parent line (Tables 1 and 3 ). Nine of these clones were studied in detail (Table 3 ). There was a slight possibility that these clones may have recognized continuous regions around the cysteine residues, and the regions were rendered unrecognizable because of the Salkylation of these residues. This possibility was ruled Ext SS-Site 3
Gly-G-ly-Ala-Glu-Thr-#lu-Ala-Gly-Lys-Asn-Arg(Gly)Phe-Lys (c) Nonsense peptide Gly-Ala-Glu-Thr-Glu-Ala-Gly-Gly-Ala-Glu-Thr-Glu-Ala- Gly   Fig 1. Surface-simulation synthetic sites of hen lysozyme Structures of (a) the three surface-simulation synthetic sites of hen lysozyme to which the antibody recognition of the native molecule is directed (Atassi, 1978) . Note that these structures do not exist in lysozyme but rather mimic surface areas by linking the respective 'contact' residues whose. numbers in the sequence are indicated with appropriate spacing (residues in parentheses represent spacers) and directionality into a single peptide (for details, see Atassi, 1978) . In (b), these surface-simulation sites were extended to a uniform size of 14 residues, which is the optimum peptide size for T-cell recognition (Yoshioka et The T-cell lines were obtained from the lines in Table I after cryopreservation and two more passages with native lysozyme. T-cell lines were cultured (1 x 104 cells/well) as described in Table 1 . The responses of the T-cell clones to the surfacesimulation sites and their extended analogues were also investigated (Table 3) . Two clones (2D5 and 2H8) responded to surface-simulation site 3 and its extended Vol. 259 analogue, with the latter clone giving a better response to the extended analogue. Two clones (2F 10 and 2A4) responded to surface-simulation site 2 and gave a slightly greater response to its extended analogue. The response of a given clone to the synthetic site was lower than its response to native lysozyme (Table 3 ). The remaining clones did not respond to the surface-simulation sites or their extended analogues, suggesting that they either recognized different discontinuous regions on the surface of native lysozyme or, alternatively, these peptides lack one or more contact residues that are essential for the recognition by these clones. When T and B cells recognize the same site on a protein molecule, T cells can recognize a region that is somewhat larger than that recognized by B cells (Bixler et al., 1986; Atassi et al., 1987) . The absence of one contact residue can often render a peptide non-stimulatory towards T-cell clones, or drastically decrease its activity in vitro (Atassi et al., 1987) . This would also explain the lower response of clones D5, Dl 2, F10 and H8 to the surface-simulation peptides relative to their lysozyme response. Because the surface-simulation sites mimic discontinuous surface features, the identification of any missing residue(s) from the peptide constructs is not so straightforward.
The recognition of the surface-simulation synthetic sites by T-cell lines and clones confirms the observation ) that T-cell recognition is not restricted to continuous parts of the primary structure. It also rules out the possibility that the observed differences in the responses to native lysozyme and to SSP-lysozyme may be due to differences in the processing of the two molecules. It should be emphasized that the surfacesimulation synthetic sites do not exist in native lysozyme and cannot possibly be generated by APC 'processing'.
On the contrary, because of their architecture (Fig. 1) , processing would lead to their disassembly on the surface.
The isolation of T-cell clones whose recognition in vitro is dependent so profoundly on native conformation would lead to the conclusion that the protein is presented Results of immunization with synthetic overlapping peptides encompassing entire proteins indicated that antigen presentation to T cells is independent of processing (Bixler & Atassi, 1985a; Bixler et al., 1985; Atassi & Bixler, 1988a) . A conformation-dependent T-cell clone which recognized apomyoglobin but not myoglobin was recently reported (Cohly et al., 1988) . Myoglobin recognition by site-specific T-cell clones is influenced by amino acid substitutions outside the site (Yoshioka & Atassi, 1989) . Liposomes carrying MHC and protein can present the latter to T cells (Walden et al., , 1986a Klein et al., 1985; Klein, 1988) . These findings, together with the location of the T-cell recognition sites in the three-dimensional structure of proteins (for reviews, see Atassi, 1984; Bixler & Atassi, 1985b; Atassi & Bixler, 1988b) and other reports (Mills et al., 1986; Naquet et al., 1987; Lee et al., 1988) are consistent with the proposal that the presentation of antigen to T cells involves predominantly recognition of an intact protein and that processing is an accompanying phenomenon concerned with clearance (Atassi, 1980 
